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Oil  BACTJ2RIAL  WILT  OF  JOYBKAKr,  T!J  TItt  HintAINK 


^Following  is  the  translation  of  an  article  by  V/A.  Muras 
in  the  Ukrainian-  language  periodical  Mikrobioloftichnyy 
Zhurnal  (Microbiology  Journal),  Vol  25,  ho  5,  1963, 
pages  h2-h<)J 


The  existing  findings  in  the  literature  by  native  and  foreign 
authors  indicate  that  the  joybean  is  damaged  by  twelve  species  of 
inciters  of  bacterial  diseases  representing  several  genera. 

The  most  extensive  and  injurious  bacterial  diseases  are  caused 
by  Pseudomonas  glyclnea  Qoei  ier  (and  its  varieties)  .and  Xanthcanonas 
phaseoli  var .  sojense  Hedges. 

The  bacteria  mentioned  cause  spottiness  on  the  soybean  leaf.  A 
considerable  body'  of  research  tr.  devoted  to  the  study  of  these  bacterloses 
and  their  causative  agents.  Only  Isolated  works  are  known  on  bacterial 
wait  of  soybeans. 


Thus  G.  K.  lJurgvits  /reports  a  disease  of  the  soybean  which 
appears  in  the  injured  vascular  system  of  the  plant  and  causes  dwarfism, 
sudden  wilting,,  and  leal'  wrimvle.  The  .  un..ut  i  vo  agent  of  this  disease 
is  the  poiyphagous  bacteria  Po.  oo Lmmceurum  th. 

A.  P.  Klykov  l ZJ  in  a  \  ark  on  col  ledonous  bacteriocic  of  soybeans 
mentions  that  two  species  of  bacteria  ’  ere  ry;. temuticully  encountered 
when  inoculating  seed  and  diseased  cotyledons.  One  of  them,  Ps.  solona- 
c ear mn  Smith,  was  more  frequently  inoculated.  Ills  article  says  nothing 
about  wilt  of  the  adult  soybean  plants. 

The  conclusion  may  be  drawn  from  the  findings  of  that  author  that 
Ps.  solanacearum  is  easily  isolated  from  the  diseased  plants  and  is 
therefore  often  found  in  soybeans. 
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Ue  must  take  into  considerate  .n  that 
--tudJ.cd  more  tiian  1700  pure  cultures  am: 
of  bacterial  causative  agents  in  the  UJJh  uc 
not  mention  Ps.  solanaceartcn  on  soybeans. 
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A  report  by  Van  der  Wolk  (quoted  by  Yacitev^kiy  //__/)  appeared  in 
the  foreign  literature  on  this  question  as  early  as  191e  and  disclosed 
bacterial  vilt  in  soybeans  and  peanut-  in  Java. 


In  1919  Smith  and  McCulloch  BJ  pULu-iohec  a  short  article  on 
Ps.  solanacearum  damage  to  leans  and  other  legumes,  among  vhich  they 
note  soybeans.  Tlic  author:  ’odlc  4 }  •  .  the  disease  as 

does  G.  K.  Burgvits .  The  investigat  rc  eri  she  si  ::e  *.h  ,-t  -  Lants  are 
especially  suscentible  t.r  this.  V.tclvr’um  ■"  •  e  crLy  .  sage  of  development. 

The  findings  of  F.  A.  V.  <e-f  BB  -v  : '-v  there  is  less  bacterial 
wilt  in  soybeans  than  in  other  plant.  cm  •  •  the  .onsiderablc 

woodiness  of  the  stems  of  the  . 

Soybean  wilt  may  aloe  to  rimaviu:  it.  S'  Ctc^7-  The 

leaves  of  these  sick  plants  droo  .,  curl  .  ,  .sol  then  drop 

off.  The  stem  tissues  at  the  collier,  become  lio.  n  ar.u  ii.  damp  weather 
a  mycelial  fur  of  pinkish  o:  orange  co..  jy  npi  cars  or.  them. 

We  studied  bacterial  diseases  j:  ...  1;.  r<.  Ukraine  in 

1956-1961. 

The  present  article  gives  only  the  the  study  of  bacter¬ 

ial  soybean  wilt  detected  by  us  in  Ukrainian  territory. 

When  investigating  the  y.,oun  s.-.v.pn  .v4  1  :r  n  different 

points  in  the  Ukrainian  SCf.  (field  of  the  :h**rni  vctc'kyy  and  Kyrovohradc ' 
kyy  Experimental  Stations;  at  the  Hxpv'-U.e;  trii  ‘vis-4  Hie  Institute  of 
Microbiology  of  the  Academy  of  Sciences,  Uhru  niax:  o.i.,  In  Foofaniya; 
one  strain  obtained  from  samples  from  the  Kuban)  re  Isolated  the  strains 
of  the  causative  agents  of  bacterial  soyVe.u,  x,-.  ••  which  under  definite 
conditions  and  in  definite  phases  of  th  *  p ants '  {  1  ••  l  <•  .used  the  plants 
to  wilt. 


The  bacteria  were  inoculated  fm  vii.  r.:r  t  t.  >f  the  soybean 
plants— from  the  leaves,  the  dark-brovx.  streaks  n  •  •  ri  bs  of  the 

leaves,  the  brown  streaks  on  the  ster-s,  the  rlc  r-  fi  .^ures  on  the 
stems,  and  the  brown  spots  on  the  pods  widen  went  over  onto  the  seeds  in 
the  form  of  light  brown  spots. 

The  leaf  lesions  had  brown  and  greenish-brown  fb’ong  amorphous 
spots  slightly  translucent  in  the  light;  seme  of  them  were  surrounded 
with  a  weak  yellow  aureole.  From  the  lower  surface  of  the  leaf  blade 
the  spots  had  the  same  appearance,  but  were  a  little  Lighter.  The 


tissue  in  the  affected  parts  often  dropped  out.  At  times  the  leaves 
gave  signs  uf  wilting,  and  the  affected  6pots  were  darker  in  color,  as 
though  oiled. 

According  to  our  datu  the  above-n  ited  typo  of  disease  is  of 
slight  extent  in  the  Ukraine,  being  found  in  isolated  cases.  This  is 
indicated  by  the  mere  nine  strains  of  bacteria  of  this  species  Isolated 
from  upwards  of  1200  specimens  of  diseased  soybean  plants. 

A  study  of  the  cultural,  norplvw1 ogico-biochcraieal,  pathogenic, 
and  serological  properties  of  this  group  of  causative  agents  made  it 
possible  to  characterize  them. 

They  are  mobile  rods  1.1-1. 5  x  O.A-O.G  microns  in  size  v/ith  1-3 
flagella,  Grom-negative,  aerobic,  v/ith  greyish--,  hite  colonies  on  potato 
agar,  rounded,  glistening,  flat,  transparent,  with  solid  and  slightly 
raised  centers.  The  colonies  have  undulant  edges. 

fable  1  gives  the  princtp  •- •  characteristics  of  the  agents  examined. 

Wo  ia  died  the  prul.ou-nic  properties  ol'  these  bacteria  in  soybeans 
in  diikcrent  periods  of  growth,  as  well  as  in  other  plants.  Infection 
was  accomplished  by  a  day-old  culture  of  microorganisms  which  contained 
1,000,000,00.;  bacteria  colls  oer  milliliter. 


The  strains  gave  the  tjpicai  picture  of  wilt  on  the  second  day  in 
soybeans  grown  in  flowerpot.,  (Fig.  l).  In  the  cotyledons  deep  depressions 
appeared  at  the  points  of  injection  with  3  x  mm  dark-brown  spots. 


In  all  the  experiments  the  control  was  injected  with  sterile 
water  instead  of  the  agent. 


but 

the 


Soybeans  growing  in  flats  displayed  the  same  picture  when  infected, 
in  a  rather  milder  form.  There  were  dark-brown  depressed  spots  on 
cotyledons,  even  going  through  to  the  other  (upper)  side. 


Darkening  of  the  loaf  rile  at  the  injection  points  (the  "network") 
occurred  lien  the  leaf  blades  were  infected,  and  the  leaves  progressively 
dried  up  (FLg.  2).  The  result  of  the  injection  into  the  rib  the  leaf  lost 
its  turgor  vitalis,  drooped,  and  wilted,  . .11  in  2  to  1;  days  alter 
inoculation. 


When  adult  soybean  plants  were  infected  _it  the  experimental  Base 
of  the  Institute  of  K  erobiology  of  the  Academy  ,->f  faiences,  Ukrainian 
.klh,  at  Fcoi'u.iiya  not  al '.  plants  were  observed  to  wilt.  The  plants  were 
inf c-o  C  when  young  and  when  .heir  beaus  ; ere  ripe. 
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GRAPHIC  NOT  REPRODUCIBLE 

Fi t' .  •  Artificial  Infection  of  Soybeans  (injection  into 

Stem). 


\ 

it 


Withering  of  Soybean  Leaves  from  Artificial 
Infect! on. 


GRAPHIC  NOT  REPRODUCIBLE 


After  inoculation  the  leaf  blade  wrlnk’ed  un,  and  frown  spots 
(li  x  7  mm)  with  weak  chlorosis  formed  around  the  points  if  injection. 

The  infection  did  not  manifest  itself  so  sharply  on  the  ’.caves  of  the 
lover  layer,  and  chlorooi  o  vno  either  entirely  absent  or  hardly  jvreep- 
tible.  Tito  spots  were  lighter  at  the  center,  and  in  time  the  leaf  tissue 
fall  out  at  these  spots,  but  the  plants  themselves  did  not  will.  Stem 
innoculation  did  not  cause  wilting;  leaf-stalk  inoculation  resulted  in 
the  appearance  of  dark-brown,  almost  black,  dry  spots  h-5  x  6-8  mm  in 
size.  In  some  cases  the  spots  enlarged,  vent  deep  into  the  tissue,  and 
the  leaf- stalk  bent  down  and  broke  off. 

On  the  third  or  fourth  day  after  i:,fcv  tin.  dark- brown  spots 
developed  on  the  pods  and  blackening  was  not!  -caele  under  the  thin  skin 
of  the  pod. 

We  also  studied  the  pathogenic 1 1\  of  these  drains  on  a  number  of 
other  plants  in  order  to  obtain  a  more  accurate  picture  of  their 
adapt  at  i  onal  cliarac  teri  sties. 

In  selecting  the  plants  we  were  gvidrd  by  t h.  fact  ti.at  the 
nightshade  family  are  host  plants  to  Fs.  lar.r.ce-irun,  and  ue  chose 
Fabaceae  because  they  belong  to  the  some  fumtly  as  the  soybean. 

The  following  plants  were  artificially  infected  in  leaf  and  stem 
at  Feofaniya:  tomatoes  ("Mayak"  and  "Murpl-b"  varieties),  tobacco 
(Ternlvs’kyy  and  Havana  varieties),  potatoes,  peas  ( "Uladivc Mtyy  208,  " 
"Komsomol,"  and  "Viktoriya  Mundorfs ’ku.  ’  varieties},  beans  ( "Bomaba, " 
"Dryha  P'yatyrichka, "  and  "Sparzhcva"  varieties),  white  lupine,  blue 
lupine,  chick  peas,  and  lentils. 

Interesting  results  were  obtained  on  the  t\.v  varieties  of  tomatoes 
In  the  early  spring  infection  of  the  leaves  and  stem.,  of  tomatoes  growing 
in  pots  indoors  gave  negative  results. 

Tomatoes  were  again  inoculated  in  summer  of  t':.  sane  year  in 
Feofaniya.  On  the  third  day  there  formed  -i.  the  lu-ww  large  dry  spots 
with  weak  concentricity  and  yellow  aureole  (1-5  mm)-  'i'he  infection 
manifested  itself  better  on  the  leaves  of  the  lower  nyers .  The  leaves 
of  the  upper  layer  were  without  chlorosis;  their  ;.•>!  -  were  light-brown 
and  smaller  (3  x  6  ram). 

In  the  green  fruit  blackening  of  the  tissue  at  '.lie  injection 
points  was  observed  and  the  affected  tissue  wtis  dry.  VJhun  the  tomatoes 
ripened  the  spots  had  become  f fold-grey,  dry,  with  dark-grey  veins  like 
those  caused  by  Xanth.  veslcatorla,  but  no  epidermal  cracking  was  detected. 
When  these  tomatoes  were  cut  in  two  across  the  spots  hardening  of  the 
tissue  from  the  spot  to  a  depth  of  f.-5  ram  was  apparent,  the  rest  of  the 
tissue  remaining  healthy. 
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Lurk  i-!K>tr»  (,'  x  *  m)  .ip!>cared  on  Ur  stern;  at  the  points  cf 
inject  iolk  nd  the  ,  Lont  did  not  wilt. 

The  t-Jiaatn*.*:-  wore  i;.*  m  >iv  l  noculatcd  in  Augur. L  when  the  plants 
were  a  1  ready  old.  Infection  In  the  stem  and  leaven  gave  negative  results 
A  different  picture  was  observed  In  th  fruit.  The  red  fruit  began  to 
rot.  Oi.'y  dmk-liued  spots  '»-5  era  In  dl cr.e ur  f<>rr;,  the  tissue  became 
u  ’ft,  and  decay  dev»?  .o.«?d.  ?hn  ether  nirr.jorgani  war.  and  fungi  established 
Iheiunc i  vi  ..  there. 

In  the  control  (Injected  with  sterile  water)  the  spots  were  white- 
C rcy,  dry,  and  2  x  l;  mm  in  . ;w  . 

In  tlic  tobacco  brown  spots  l- 10  nm  long  were  tserved  only  on  the 
leaf  ribs,  on  the  stems  they  -ere  •-<’»  m  ’  ng. 

When  a  vessel  became  black  (injection  In  the  rib)  the  tissue  broke 
tlu'ough  in  the  center  and  contracted.  In  one  ease  (Tornivs 'kyy  variety) 
tlic  darkening  went  cm  further  along  the  vessel.  No  further  spread 

or  development  of  the  disc  ooc  was  yl  served.  Tlic  .  eaf  tissue  at  the 
injection  points  became  dark. 

The  cuitiu’e  proved  to  be  nonpat). ogenie  to  notntoes. 

A  master  of  Fubuceae  plans  were  aj.se  artificially  infected  with 
the  strains  isolated. 

The  bacteria  proved  te  te  pathogenic  f-.r  the  Vi ktoriya  Mandorfs ’ka” 
variety  of  peas,  the  "Bomba"  mid  "dnarsheva"  varieties  of  beans,  white  and 
blue  lupine,  and  the  horse  leans.  .‘is.uc  i.een  .t.  (t.5-4  x  2.5-6  mm) 

.•irovnd  the  injection  points,  with  or  Urait  chlorosis,  was  detected  in 
all  these  plants.  Ho  ribs  and  stems  l«-e^..e  I  on.  In  some  cases  the 
ioavea  drooped,  but  the  disease  developed  :.o  flatter . 

Inoculation  gave  neg.nl  ivo  results  In  *).•:•  ''Udali \»nk 'kyy  200"  and 
"Kimronol"  varieties  of  ’'ear ,  the  'Prwha  P’yrOy '  4i!tn"  variety  of  beans, 
tl'.e  chick  'eas,  and  the  lent  II::.  Arti  f  •  ci  •  *  >.f  !  :  n.  of  lilac  also 

rroved  unsuccessful . 

After  having  studied  ike  .  ioio-“.  .  th  i  op  <f  mi c roorgani sms 
in  pcsviuii  ;  e  .  .signed  the  pi  .up  to  Psowbromns  and  designated  it  as  a 
species  which  i  course  of  .*  ..uni  or  v.f  chnrae '  <  r ;  e >.  i  :s  in  close  to  Ps . 
slanae < . : ,r u.  •  - ■  i  l  h • 


very 


je’eause  of  iw  ci-turu.,  io . . 'ho . -:g ic  — .  :  uw.e.  .i  .  ai  features  this 
c.z  of  cac Leri  a  is  close  to  Ps.  ^i^ciuea,  th  ■  inciting  agent  of  a 
widespread  .  oytvan  bact.riouis,  n:<gi.-ar  ioa.  sp  a. 


Our  findings  show  that  the,,  differ  from  each  other  in  that 
Ps.  glycine a  does  not  attenuate  gelatine,  give  alkali  in  tartaric  acid, 


l 


nor  act  on  milk.  The  inciting  agents  in  question  attenuate  gelatine, 
leave  tartaric  acid  unchanged,  and  peptonize  milk.  The  chief  difference, 
however,  consists  in  the  picture  exhibited  by  the  disease  caused  by 
these  two  microorganisms. 

They  also  differ  serologically.  Cross  agglutination  and  Castellani's 
saturation  test  indicate  that  they  are  serologically  two  different  species, 
although  they  have  common,  but  not  identical,  antigens. 

The  bacteria  which  we  investigated  also  differ  from  Ps.  syringae 
and  £S.*  tabacura.  They  differ  front  Ps.  solanacearum  described  by  a  number 
of  author's  /2,  1 ,  $7  in  that  they  attenuate  gelatine  and  give  no  nitrate 
reduction. 

According  to  A.  A.  Yachevskiy  /jJJ  and  Ch.  Elliott  jjt>j ,  moreover, 

Ps.  solanacearum  forms  a  brown  pigment.  Our  cultures  did  not  form  it. 

Welle s  and  Roldan  £LoJ  noted  that  Ps.  solanacearum  extracted  from 
chrysanthemums  never  gave  a~ strong  brown  pigment;  only  ticrough  sub¬ 
inoculation  via  tomatoes  was  the  pigment  produced. 

We  attribute  this  disagreement  to  the  great  variability  in  the 
characteristics  of  Ps.  solanacearum  noted  by  the  authors  who  investigated 
the  inciter  of  bacterial  wilt. 

The  group  of  microorganisms  isolated  may  thercx\>re  be  regarded  as 
a  form  of  Ps.  solanacearum  Smith  which  has  adapted  itself  to  parasitism 
on  the  soybean.  This  bacterium  is  a  deni  :en  of  the  southern  latitudes 
where  the  course  of  the  disease  is  rapid  and  there  are  distinctly 
pronounced  symptoms  of  wilt,  while  it  is  possible  that  in  the  Ukraine 
the  bacteria  are  just  now  beginning  to  adapt  themselves  to  parasitism 
on  plants,  since  the  wilt  manifests  itself  mildly  and  is  found 
considerably  less  often. 

It  is  too  bad  that  A.  P.  Klykov  fjoj  does  not  in  his  article 
describe  the  microorganisms  isolated  buw  only  names  them  because  there 
Is  some  doubt  that  that  investigator  was  dealing  with  Ps.  solanacearum 
Smith. 


Table  2  lists  the  comparative  characteristics  of  some  of  the 
bacteria  of  genus  Pseudomonas  that  parasitize  the  soybean. 
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Table  2.  Comparative  Characteristics  of  Several  Bacteria  of  Genus  Pseudomonas 
- -  Which  Parasitize  Soybeans 
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Table  2.  Legend:  (l)  Inciting  agent;  (2)  Groan  reaction; 

(3)  Aerobe;  (k)  Ge1  .tine  attenuation; 

(5)  Reduction  of  nitrates;  (6)  Color  of 
colonies;  (7)  Hydrolysis  of  starch; 

(0)  Glucose;  (9)  Lactose;  (10)  Sucrose; 

(ll)  Glycerine;  (12)  Maltose;  (13)  Xylose; 
(lk)  Salicin;  (15)  Manite;  (16)  Milk; 

(17)  Size  in  microns;  (18)  Capsules; 

(19)  Indole;  (20)  Hydrogen  sulfide; 

(2l)  Ammonia;  (22)  Mobility;  (23)  Acid; 

(2k)  Gas;  (25)  Coagulum;  (26)  Pepton; 

(27)  Length;  (28)  Breadth;  (29)  (After 
Ya.chevskiy);  (30)  (After  Ch.  Elliott); 

(31)  (After  F.  Coerper);  (32)  (Our  strains); 
(33)  (After  Wolf);  (3k)  White,  gradually 
^  darkening;  (35)  Opalescent  with  brown 

pigment;  (36)  Greyish- white,  opalescent; 

(37)  White  with  brown  pigment;  (38)  White 
without  pigment;  (39)  Note;  In  parentheses 
are  Dowson's  data  (after  Elliott); 

(ho)  On  blood  agar. 

4 

Conclusions 

1.  A  bacterial  wilt-type  disease  in  a  somewhat  weakened  form  is 
encountered  in  soybean  plantings  on  Ukrainian  territory. 

2.  The  spread  of  this  type  of  disease  in  the  Ukraine  in  1959" 
1961  was  insignificant,  only  isolated  cases  being  observed.  The 
Insufficient  adaptation  of  the  inciting  agent  to  parasitism  under  ♦wa* 
conditions  may  explain  this. 

We  consider  the  inciting  agent  of  the  mentioned  bacteriosis 
to  be  a  form  of  Ps.  solanacearum  Smith  which  has  adapted  itself  to 
parasitism  on  the  soybean. 
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